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By PaulG.Fournier

SUMMARY

TestshavebeenconductedintheLangley

HIGHLIFT-DRAG

1.4

high-speed7Aby 10-foot
tunnelto investigatethehigh-subsonicstaticlongi;udklstability
characteristicsandlift-dragratiosof severalwing-bodymodelfidesigned
toprovidehighlift-dragratiosata Machnurriberof 1.4. Thebasiccon-
figurationhada thinhighlysweptwingof aspectratio2,91withltMA
b~A-seriesairfoilsections.Otherconfigurateionsincludedbddiesmodi-
fiedby twotypesof indentationandtwootherwings,onewingwithout
camberbutwith4° linesrtwist(washout)anda secondwingwithboth
camberandtwist.

Theuseofwingtwist,without camber,providedessentiallyno
improvementinmaximumlift-dragratiosoverthatofthebasicflat
wing;however,useofa winghavingbothcamberandtwistraisedthe
valueofmaximumlift-dragratiofrom9.0to 13.5at a Machnumberof
0.60andfrom10.0to 14.5ata Machnumberof 0.95fora conditionof
fixedtransition.Ingeneral,fixingtransitionreducedthevalueof
themaximmlift-dragratioby about1.5buthadlittleeffectan Iongi=
tudindstability.Thedatashowa reductionin staticmsrginwithlift
coefficientof about10percentmeanaerodynamicchordat a liftcoeffi-
cientof 0.2and,generally,an additionalreductionata liftcoeffi-
cientof about0.8.

Thepresentsubsonicdatashowan aerod@ami6-centerlo&2tionof
approximately12percentmeanaerodynamicchordaheadofthatindicated
by unpublisheddataat a Machnumberof 1.41.

—

—



2
.

NACATN4340

INTRODUCTION
y

Thisinvestigationisa put of a continuinginvestigationbeing
conductedby theNationalAdvisoryCommitteeforAeronauticstoprovide
dataonwing-fuselageconfigurationsdesignedto havelowwavedragand
highlift-dragratiosat a Machnumberof1.4. Inthisseriesoftests,
fuselageshavingellipticalcrosssectionwithbodyindentationswere
testedin combinationwithwingshavingtwisted,csmbered,andsymmetri-
calsections.

Thepurposeofthepresentinvestigationisto determinetheaero-
dynamiccharacteristicsoftheseveralwing-fuselagecombinationswithin
thesubsonicspeedrange.TheMachnumberrangeextendedfrom0.60to
0.95withcorrespondingReymoldsnumbersrangingfrom2.0x 106to
3.3x 106basedonthewingmeanaerodynamicchord.

SYMBOLS

Thedataofthepresentinvestigationaregivenaboutthestability
systemof axes.Thedirectionofpositiveforces,moments,andangles
srepresentedinfigure1. Allmomentsofthebasicdataarereferred
to thequsrter-chordpointofthewingmeanaerodynamicchord.

liftcoefficient,~qs

CL lift-curveslope,per deg

CD

C!m

--+
dragcoefficient,‘qa

dragcoefficientat zerolift

pitching-momentcoefficient,‘itcM~Emment

b wingspan,ft

c wingchord,ft

E wingmeanaerod.pmicchord,ft

t airfoilthickness,ft
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x

Y

z

A

L/D

(L/D)=

M

s

v

a

P

3

pv~free-stre~dynsmicpressure,~, lb/sqft

distancealongX-axisofbodyfromnose,in.

distanceslongY-axisofbodyfromcenterline,in.

distancealongZ-axisofbdy fkomcenterline,in.

aspectratio,b2/S

lift-dragratio

maximumlift-dragratio

Machnumber

wingarea,sqft

free-streamvelocity,ft~~ec

angleofattack,deg

massdensityofair,slugs/cuft

APPARATUS,

Testswereconductedinthe

MODEL,ANDTESL’S

Langleyhigh-speed7- by 10-foottunnel
ofa sting-supportedwing-fuselagemodelhavingan iriternallymounted
electricalstrain-gagebalance.Themodelconsistedof a combinationof
anyoneofthreebcdies(fuselages)witheithera basicflatwingor a
twistedwingwithoutcaniber.(See-fig.2.) Alsoincludedwasa limited
testof a thirdwing(bothtwistedandcsnibered)withoneofthebodies.
ThewingshadNACA6~-seriesairfoilsectionsparallelto theplaneof
symmetry,withthiclmess-chordratiost/c of0.04,0.035,andO.0~at
thewingroot,theO.~semispan,andthewingtip,respectively,andhad
discontinuoussweepandtaper. (Seeflg.2(a).) Thequsrter-chordsweep
fortheinboardsectionofthewingwas61.71_oandwas600fortheout-
boardsection.Thewinghadan overalJtaperratioof0.167andan
aspectratioof2.91. Thebasicflatwinghadno csmiberortwist.The
twistedwinghada lineartwistdistributionvaryingfrom0° at thewing
rootto4°washoutatthewingtip. Thecsxiberedandtwistedwinghad
anNACA a = O meanlinewitha linearvariationof canberfromO percent
chordatthewingrootto 4 percentchordat thetip,andthesametwist
asthetwistedbutuncsmberedwing.
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AllfuselagesH ellipticalcrosssections,andthebasicfuselage,
whichwasa SeUs.Haackbody,hadan equivalentfinenessratioof12.~.
Theothertwofu~elsgesweremodificationsofthebasicSears-Haackbody ‘
withindentationsfor M . 1.4,onebeingindentedby thearea-rule
methodto approxhatetheSesm-Haackbodydistributionandtheother
beingin~en@dby thestreamlinemethodto approximatetwo-dimensional
flowat thewingroot;thesebodiesareidentifiedhereinastheindented
(M= 1,4)axea-rulebodyandtheindented(M= 1.4)streamlinebody,

—

respectively.TheordinatesofthethreefuselagesaregivenintableI.
Details~ftheqmdelaregiveninfigure2. A photographofthemodel
andsupportsystemis showninfigure3.

Severalofthewing-fuselageconfigurationsweretestedwithtransi-
tionfitripsaf0,10-inchwidthlocatedat10percentofthebodylengbh
andwingchord.Theparticlesusedtomakeup theroughnessofthetran-
sitionstripswereNo.120Carborundum,andwereselectedonthebasis
ofthecriteriapresentedinreference1,

Themodelwastestedthrougha Machnuniberrangeof0.60to 0.95,
whiuhcorrespondsto a Reymoldsnumberrangefromapproximately2.0x 106
to 3,3x 106basedonthewingmeanaerodynamicchord.Theangle-of-
attackremgewa8from-2°to 22°.

CORRECTIONS

Blockagec~rrectionswereappliedto thedatabythemethodof .

reference2. Jet-boundsrycorrectionsto angleofattackanddragwere
appliedZnaccordancewithreference3. &

Taresdueto thestingsupporthavenotbeenapplied,exceptfora
fuselage base-pressurecorrectionto dragsincefrompastexperienceit
hasbeenf~undthatothert~es arenegligible.

Theanglesofattackhavebeen.cQrrectedfordeflectionofthesting
supportandbalanceunderload. No attempthasbeenmadeto correctthe
dataforaeroelasticdistortionofthesteelwing.

RESULTSANDDISCUSSION

Thebasiclmgitudinalcharacteristicsforthedifferentmodelcon-
fi~atQn~ arepresentedinfigures4 to 9, A summaryof someofthe
moreimportsntcmacteristicsispresentedinfQures10to 15. w.

w
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Longitudinalstability

. Thebasicstaticlongitudinalresultsrepresent
locationatthe0.25Elocation.A comparisonofthe
momentdataoffigures4 to 9 andthesummarvfiQure

a center-d-gravity
basicpitching-
15 showsthatthere

islittlediffere~ceinthelongitudinalsta~ili~yof~hemodelfor
anyofthewing-fuselageconfigurationstested,transitionfreeorfixed.
Thereisa difference,however,inthetrimpitching-momentcoefficient
betweenthebasicflatwingandthetwistedwingasmightbe expected
for4°washoutatthetip. (Seefig.6.)

Thecomparisonofaerodynamic-centerlocation(fig.17)forthe
modelconfigurationsshowgoodagreementwiththatpredictedby thetheory
ofreference4. Thepitching-mcmentcurvesforallconfigurationswere
characterizedby a reductioninstaticmarginofabout10percentmean
aerodynamicchordat a liftcoefficientof0.2andgenerallyenaddi-
tionalreductionat a liftcoefficientofabout0.8. A comparisonof
thesubsonicstabilitydataforthewing-bodyconfigurationsofthepres-
entinvestigationwiththesupersonicstabilitydataat M = 1.41 for
thesameconfiguration(unpublisheddataobtainedintheLangley4-by
4-footsupersonicpressuretunnel)showsthatthereisapproximatelya
12-percentmean-aerodynamic-chordrearwardshiftinaerodynamic-center
locationfromsubsonicto supersonicspeeds.

Lift

Thebasicdataof fi&rres4 to 9 showno significantdifferencesin
thevariationofliftwithsngleofattackasa resultof changingthe
bodyindentation,or offixingtransitiononthewingandbody. The
summaryoflift-curveslopesc% infigure15 also indicatesonlyminor

differencesdueto configurationchanges;inaddition,onlysmall
increaseswithMachn@er we indicated.Figure6 showstheeffectof
twistonliftandindicates,aswouldbe expectedfrom4°washoutatthe
tip,a smallnegativeincrementinlift. Resultsforthecsmhredand
twistedwingwiththeindented(M = 1.4) mea-rule bodywereobtained
only withfixedtransition.(Seefig.9.)

Drag

Theeffectsofbodyindentationondragat

ingeneral,smallandnotveryconsistent(fig.
indentationappearedto reducethedragat zero
basicflatwingmodels,butincreasedthevalue

zero ldft CD
CL=O

were,

10) . Eithertypeof
liftsl.i*tlyforthe
of c -

% =0
whentwist
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wasused. TheMachnumberrange(0.60to0.95)ofthepresenttestsis,
.

of course,belowthatforwhichsubstantialbenefitsdueto indentation
shouldbe expected. .

Theeffect of fixingtransitiononthedragat zero lift for the
basicflatandthetwistedwingwiththeindented(M= 1.4)mea-rule
bodyis showninfigure11. Ingeneral,

C%!po
wasincreased%y an

incrementofabout0.0025whentransitionwasadded,indicatingthata
substantialamountoflaminarflowmusthaveexistedforthecleanwing.
Sincethereisno outstandingeffectoftr~sitiononthelongitudinal
characteristicsofa givenconfiguration,thedataoffigure9 compared
withthedataoffigure6 indicatethatcuber causeda shiftinminimum
bag to a higherliftcoefficient,asmightbe expected. —

Lift-DragRatio

Thevariationoflift-dragratiowithliftcoefficientwithfreeand
fixedtransitionforthemodelswiththebasicflatwingandthetwisted
wingwiththeindented(M= 1.4)srea-rulebodyis showninfigure12.
Theeffectoftransitionis smallatthelowerandhigherliftcoeffi-
cients,butinthevicinityofmaximumlift-dragratiothereisa decrease
inthevalueof (L/D)W by about1.5forthefixed-transitioncase
whichisduetotheincreasein&ag at zerolift(fig.U). ~eri-
mentalvaluesofthemaximumlift-dregratiosfortheconfigurationwith
thebasicflatwingandtheindented(M= 1.4)srea-rulebody(freeand
fixedtransition)arecomp=edwiththeoryforfullandzeroleading- .
edgesuctioninfigure13. Theresultsindicatethatverylittlesuction
wasdeveloped,probablybecauseofthehighsweepanglesandthesmall
leading-edgeradiioftheairfoilsection. *

Figure14 showstheeffectoftwistandof camberandtwistonthe
variationofmsxtiumlift-dragratioswithMachnumber.Thedataat
M= 1.41 (unpublisheddata)showthattwistprovideda smallincrement
in (L/D)mU butcsxiberseemedto givenoadditionaladvantage(actually
a smalldecrease).ThedataatthepresenttestMachnumibers,however,
showedthattheeffectof csnberwasverybeneficial(increased(L/D)M
from9.0to 13.5at M= 0.60 andfrom10.Oto 14.5at M= 0.95),and
theeffectoftwistwasnegligible.It shouldbekeptinmindthatthe
dataat M = 0.60to0.95 hadfixedtransition,whereasthedataat
M = 1.41 hadfreetransition;this,however,shouldonlyaffectthe
profiledragwhichwouldineffectbe approximatelythesameforall
wingsbecauseofthelocationofthetransitionstrips.

I
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CONCLUSIONS

Theresultsofa subsonicstaticlongitudinalstabilityinvestiga-
tionconductedintheLangleyhigh-speed7-by 10-foottunnelof several
wing-bodyconfigurationsdesignedforhighlift-dragratiosat a Mach
numberof 1.4indicatethefollowingconclusions:

1.Theuseofwingtwist,withoutcamber,providedessentiallyno
improvementinmaxirmmlift-dragratiosoverthatofthebasicflatwing;
however,useofa winghavingbothcsziberandtwistraisedthevalueof
maximumlift-dragratiofrom9.0to 13.5ata Machnuniberof0.60and
from10.0to 14.5at aliachnuniberof 0.95fora conditionoffixed
transition.

2. In genersl,fixingtransitionreducedthevalueofmaximumlift.
dragratioby shout1.5forthetestconditions,buthadlittleeffect
onlongitudinalstability.

3. BodyindentationhasessentisJJynoeffecton eitherlongitudinal
stabilitycharacteristicsormaximumlift-dragratioswithintheMach
numberrangeinvestigated.Thepitching-momentcurvesforallconfigura-
tionswerecharacterizedbya reductionin staticmarginofabout10per-
centmeanaerodynamicchordata liftcoefficientof 0.2and,generally,
an additionalreductionata liftcoefficientofabout0.8.

4.Thestaticmargincouldbepredictedwithreasonableaccuracyby
meansoftheavailabletheory.Supersonicdataat aMachn@ber of1.41
indicatea resxwardshiftin aerodynamic-centerlocationofapproximately
E percentmesnaerodynamicchordoverthatofdataat subsonicspeeds.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,March18,1958.
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TAELEI.-BODYORDINM’ES
[U dimensionsin inches]

~
x I. —“ w—Yz

yfor -
Zx forall bodies *iC bdy hdented(M= 1.4) hdentea(M= 1.4)

area-rulebcd.y atreemlinebdy

o 0 0 0 0
1 .198 .2gj’ .297
2 .328 .452 :Z .452

.437 .655 .655 .655
2 .533

.619
.799 .799 .799

5 .928
6 .65%

.928 .928
1.045 1.045 1.045

7 .767 1.151 1.151
.832

1.151
1.248 1.248

; .891
1.248

1.337 :.~g 1.337
.0 .945 1.418
1

1.418
.95 1.492 1:492

2
1.492

1.040 1.559 1.559 1.559

-3 1.080 1.620 1.620 1.620
.4 1.u.6 1.670 1.666 1.675
.5 1.149 l.-po 1.666 1.699
.6 1.175 1.765 1.645 1.690
.7 1.190 1.800 1.609 1.655
.8 1.lg5 1.835 1.51 1.610

.9

1

l.%o 1.482 1.558
!0 1.880 1.359 1.497
!1 1-895 1.325 1.437
!2 1.* 1.257 1.X1
!3 l.glo 1.198 1.327
!4 1.910 1.2U 1.281

!5 1.260
6

1.243
;:%? 1.332 1.215

7 1.879 1.446 1.198
!8 1.- 1.514 l.1~
9 1.&4 1.542 1.210
,0 1.7’96 1.554 1.232

!1 1.758 1.534 1.249
2 l.~k 1.489 1.255
3 1.ffi5 1.433 1.240
4 L.l& 1.610 1.369 1.210

1.155 1.550 1.X3 1.170
2 1.117 1.478 1.231 1.125

1.072 1.365
,J

1.155 l.o~
1.025 1.226 1.067 1.027

59 .975 .975 .975 .975



10
NACATN 4340

.

Pitch!ng m“oment”

@

.

—~ Drug

Re/otive wfnd

I

I
Lift

,L

a

1 * Drag— .-— ——

>
Relotive wind

Figurel.-Stabilitysystemofaxesshowingpositivedirectionof
forces,~nt, md ~lem
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Wing

Sweep LE TE,
Inboard 6ZOle 1965°
Oufbcwrti 6/.70° 536/”

Area, sqft L375
Aspectratio 29/
Taper ratio ./67
Mean aerodynamicchord,ft .895
AIrfoil section parallel “

plane of symmetry
root
.5 semlspan
t[p

ro

65A 004
65ACU35
65A 003

0~“
Scale,inches

(a) Model.

Figure2.- Detailsofmodel. (Alltiensionsin inches.)
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“Basic Sears- Haockbody

Indented(M=14)area- ru/e body

— — ‘+I

/ndented(M=[4)streom/inebody

P/on views

.-
. =-. ;—.— -r— -— ‘+ ‘-—-1

.3 : :. —.-.

Side view

(b)Bodies.

Figure2.-Concluded.
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Photographortyphxd.model,hmluii~ thestingsupport.
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10

5

0

-.5

~ if f ~eff icient, C&

(a) Variationof a. with CL.

M

.95

,90

.80

.60

Figure4.-Longitudinalcharacteristicsofwing-fuselagemodelwith
basic flat wing. Freetransition.
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M
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40

.35

.30 .90

25
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./5 .80
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?2 O 2 4 .6 .8 /~
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L iff coefficient, CL

(b)Variationof C= with CL.

Fi~e 4.-Continued.
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~ iff coefficient, CL

Wxiation of ~ vtth ~.

Figurelt.- Continued.
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Body

o Basic
n Indented(M=I!4Jureuru/e
o /ndented(M=/.4Jstream/i~

o

0

.
0

-5

.

.

(d)

0 5 /0 /5 20 25
Angle of uttack, a, deg

Vaxiationof ~ with a.

Figure1.-Concluded.
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o

0

0

5

0

-5.

Body
o Basic
❑ /no’entedlM=L4jarearule
o indented(M=/.4] stfeamlhe

25

20

/5

/0

-.2 0 2 .4 .6 .8 /0 /2

M

.95

.90

.80

.60

L.if t coefficient, CL

(a) Variationof a with CL.

Figure5.- Longitudinalcharacteristicsof wing-fuselagemodelwith
twistedwing. Freetransition.
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o indented(M=/.4Jsfreamlihe

M

.95

.90

.80

L if f coefficienf, CL
.. ..-. .—L

(b)Variationof CD with CL.

Figure5.-Continued.
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.

M

.95

.90

.

.

Lift cwefficient, CL

(c) variationof ~ with CL.

Figure5.- Continued.
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Body
o Bosic
u Indented(lf=14)arearule
o /ndenfed(M=L4)sfreomlhe

.

o

0

0

●

(d)

Angle of uttuck, Q, deg

Variationof ~ with

Figure5.- Concluded.
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— Flat wing
—— Twisted winu

M

.95

,50

.80

.60

“

.

Figure6.- Effect
fuselagemodel
transition.

Lift coefficient, CL

(a) variationof a with CL.

oftwistonthelongitw@ characteristicsof
withindented(M= 1.4)area-rulebody. Free

wing-
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.35

.30

.25

20

./5
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.@

A

— Flat wing
—— Twistedwing

M

95

.50

.60
‘-2 O 2 4 .6 .8 I’D 12

(b)

~ if t ~eff icienf, CL

Variationof CD with CL.

Figure6.-continued.
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(c) Variationof Cm with CL.

Figure6.-Continued.
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Angle of uffuck, Q, o’eg

(d)Variationof ~ with

Figure6.-Concluded.
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Transition
CI Free
❑ Fixed

o

0

0

—“

-2 0 2 4 .6 .8 ID I!!
Lift coefficient, CL

(a)Variationof a with ~.

M

.95

.90

.80

.60

Figure7.- Longitudinalcharacteristicsof wing-fuselagemodelwith
basic flatwingandindented(M= 1.4)erea-rule body.
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Transition
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M
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.90
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L.ift coefficient, CL

v~iatbn of CD with ~.

Figure7.-Continued.
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Lift coefficient, CL
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Figure7.-Continued.
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.
—frans[fion

o Free
n Fixed

.

o

0

0

.. -
-5

(d)

o 5 10 15 20 ’25
Angle of uttock, Q, o’eg

Variationof ~ with a.

Figure7.-Concluded.
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Tronsitlon
o Free
❑ Fixmi

.

o

0

0

Lift coeffic[enf, CL

(a) Variationof a with ~.

M

.95

.90

.80

.

.

,60

.

.
Figure8.- Longitudinalcharacteristicsof wing-fuselagemodelwith

twistedwiw andindented(M = 1.4) srea-rule body.
.
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Lift coefficient, CL

(b)Variationof CD with CL.

Figure8.- Continued.
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